IMPORTANCE Among patients hospitalized with heart failure (HF), the long-term clinical implications of hospitalization at hospitals based on 30-day risk-standardized mortality rates (RSMRs) is not known.
H eart failure (HF) is a major cause of morbidity, mortality, and health care expenditure in the United States. 1 Heart failure hospitalizations have been the focus of recent health policy initiatives launched by the US Centers for Medicare and Medicaid Services (CMS) to incentivize hospitals to improve acute hospitalization-associated care quality and cost of care. Among these initiatives, CMS mandated public reporting of short-term hospital performance metrics, such as 30-day risk-standardized readmission rates (RSRRs) and 30-day risk-standardized mortality rates (RSMRs) for common conditions, such as HF, acute myocardial infarction (AMI), and pneumonia, in 2007 to 2008. 2 Subsequently, CMS implemented the Hospital Readmissions Reduction Program and the Hospital Value-Based Purchasing Program to incentivize hospitals by levying financial penalties based on performance on the 30-day RSRR and 30-day RSMR quality metrics, respectively, for these common conditions. 3, 4 Evaluating whether patients admitted to hospitals with better short-term outcomes have better long-term outcomes can provide insights into whether care quality for a given disease state is associated with long-term outcomes. In 2016, an analysis of hospital performance based on 30-day RSMRs for AMI showed that the early mortality differences were enduring. 5 To our knowledge, the effect of 30-day RSMR on long-term survival in patients hospitalized with HF is not known. Thus, it is not clear whether patients admitted to better-performing hospitals based on 30-day mortality rate have improved longterm survival or whether any short-term gains rapidly dissipate. We used data from the American Heart Association Get With The Guidelines (GWTG)-HF registry, an ongoing prospective performance improvement registry linked to Medicare data, to evaluate hospital performance indexed by 30-day RSMR and its association with intermediate and long-term mortality outcomes along with median survival.
Methods

Data Source
We analyzed data from the GWTG-HF registry and the linked Medicare Part A inpatient fee-for-service claims files for this study. Details about the GWTG-HF program have been published previously 6, 7 and are described in eMethods 1 of the Supplement. The Duke Clinical Research Institute is the data analysis center and analyzed the aggregate deidentified data for research. The centers participating in the GWTG-HF program are required to obtain institutional review board approval for the GWTG-HF protocol and are granted a waiver for informed consent under the common rule. The Duke Clinical Research Institute has institutional review board approval for analyses of deidentified GWTG-HF data for research purposes. Data quality and completeness was monitored independently for quality assurance. Data on postdischarge mortality on follow-up were obtained from the linked Medicare claims files. The inpatient claims files contain information from hospital claims submitted for facility costs related to the services provided during the in-hospital stay. The denominator files contain data on Medicare enrollment and mortality. Patients in the GWTG-HF registry were identified in the Medicare claims files by linking registry hospitalizations to Medicare claims files using admission and discharge dates, hospital, date of birth, and sex, as reported previously.
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Study Population
We included patients 65 years and older who were hospitalized in centers participating in the GWTG-HF program with a principal diagnosis of HF between January 1, 2005, and December 31, 2013, and had CMS-linked data available. Hospitals in the GWTG-HF registry with less than 75% complete medical history data or with less than 30 patients hospitalized with HF during the study period were excluded. For patients with multiple admissions, the first hospitalization meeting the above criteria was considered the index hospitalization.
Outcomes of Interest
The primary outcome of interest was mortality at 1 year, 3 years, and 5 years among the study participants, as determined from the CMS-linked denominator files. The CMS-linked data on mortality outcomes were available among study participants from January 1, 2005 , through December 31, 2014 . Time to death was defined as the number of days from index admission to death date. All patients had at least 1 year of followup; therefore, there is no censoring for 1-year mortality. For 3-year and 5-year mortality, the time to death outcome was censored by the end of the study period (ie, December 31, 2014).
Primary Exposure Variable
Multivariable hierarchical logistic models were constructed to calculate hospitals' 30-day RSMR. In the model, 30-day mortality was a binary outcome, patient baseline characteristics were included as covariates, and the hospitals were treated as random effects. The patient covariates in the adjusted model included demographic characteristics, socioeconomic status, medical history, left ventricular ejection fraction (EF), vital signs and laboratory test results at admission, baseline medications, number of all-cause and HF hospitalizations within
Key Points
Question What is the association of hospital performance based on 30-day risk-standardized mortality rate (RSMR) with long-term survival?
Findings In this longitudinal observational study of 106 304 patients hospitalized with heart failure in the Get With The Guidelines-Heart Failure registry linked to Medicare data, there was a graded inverse association of 30-day RSMR with 1-year, 3-year, and 5-year survival. Compared with patients admitted to hospitals with low 30-day RSMRs, patients at hospitals with high 30-day RSMRs had 14% higher risk-adjusted relative risk of 5-year mortality.
Meaning Lower hospital-level 30-day RSMR is associated with better long-term survival for patients hospitalized with heart failure independent of mortality differences within the first 30 days.
6 months prior to index hospitalization (at non-GWTG-HF centers or prior to enrollment in the GWTG-HF registry), and hierarchical condition category (eMethods 2 in the Supplement). Thirty-day RSMR for a given hospital was defined as the ratio of the number of predicted to expected deaths multiplied by the patient-level average mortality rate 9 : 30-day RSMR = (No. of predicted deaths using hospital-specific intercept) / (No. of expected deaths using average of all hospitalspecific intercepts) × average mortality rate. The predicted number of deaths for each hospital was calculated by summing over the predicted mortality risks for all patients in the hospital using the hospital-specific intercept, and the expected number of deaths for each hospital was calculated by summing over the expected mortality risks for all patients in the hospital using the average of all hospitalspecific intercepts.
Statistical Analysis
Hospitals were classified into quartiles based on hospitals' calculated 30-day RSMR. Baseline hospital-level and patientlevel characteristics across the 30-day RSMR-based hospital groups (quartile 1 [Q1] to Q4) were described using proportions for categorical variables and medians with interquartile ranges for continuous variables. Categorical variables were compared with χ 2 test and continuous variables were compared with Kruskal-Wallis test across the study groups. Cumulative incidence of 1-year, 3-year, and 5-year mortality across the study groups was determined using Kaplan-Meier estimates, and the between-group differences in long-term mortality were tested using log-rank tests. The adjusted association of 30-day RSMR-based hospital groups with long-term mortality was assessed using a multivariable Cox proportional hazard model, with the lowest 30-day RSMR group as the referent (Q2, Q3, and Q4 vs Q1 [referent] ). The robust standard errors in Cox models were used to account for the clustering of patients by hospital. The proportional hazard assumption was assessed using graphical method and statistical tests. These models were adjusted for patient-level covariates (eMethods 2 in the Supplement) and hospital-level covariates (eMethods 3 in the Supplement), such as region, number of beds, teaching hospital (yes vs no), and rural vs urban location.
To account for the potential effect of mortality during the first 30 days on long-term outcomes, the primary analysis was limited to 30-day survivors only. The associations of 30-day RSMR-based hospital groups with long-term outcomes in the overall population, including deaths within the first 30 days, were assessed as secondary analysis. Stratified analysis was also performed to examine the association of 30-day RSMRbased hospital groups with long-term mortality in subgroups of patients with HF with reduced EF (HFrEF), defined as an EF less than 40%, and patients with HF with preserved EF (HFpEF), defined as an EF of 40% or greater. Interactions were tested in the stratified analysis to determine whether the association of 30-day RSMR-based hospital groups with longterm morality was modified by HF subtype (HFrEF vs HFpEF).
To evaluate whether the results were influenced by the period of the study, we conducted additional sensitivity analyses that divided the cohort into 2 study periods (2005-2009 and 2010-2013) and in separate analyses further adjusting for calendar year. Sensitivity analysis was also performed to evaluate the association of 30-day RSMR-based hospital groups (high vs low) with risk of long-term mortality among hospitals that participated continuously in the GWTG-HF program during the study period. All statistical tests were 2-sided, with a P value less than .05 indicating statistical significance. Data were analyzed using SAS, version 9.4 (SAS Institute).
Results
Hospital and Patient Characteristics
From January 2005 to December 2013, 317 hospitals with 106 304 patients hospitalized with HF were included in our study (eFigure 1 in the Supplement). The median (range) 30-day RSMR for all hospitals included in the study was 9.7% (6.4-13.6) (eFigure 2 in the Supplement). The hospitals in the low 30-day RSMR group (Q1) were more likely to be larger, urban centers and had greater availability of percutaneous coronary interventions, cardiac surgery, and advanced HF therapies compared with those in the high 30-day RSMR group (Q4) ( Table 1) . Among patient-level characteristics, those admitted to hospitals in the low 30-day RSMR group had higher socioeconomic status compared with patients admitted to hospitals in the high 30-day RSMR group. There were no clinically meaningful differences in other demographic characteristics, prevalence of medical comorbidities, and disease severity across the 30-day RSMRbased hospital groups ( Table 2) . Among process of care measures during the index hospitalization, hospitals in the low 30-day RSMR group had significantly higher use of implantable cardioverter defibrillators and cardiac resynchronization therapies and greater postdischarge follow-up. Use of evidencebased medications was not meaningfully different across the hospital groups despite statistically significant differences ( Table 3) .
Hospital-Level 30-Day RSMR and Long-term Mortality Risk Among Patients With HF
The cumulative incidence of mortality and median survival over long-term follow-up across different 30-day RSMRbased hospital groups (Q1 to Q4) are shown in Table 4 and the Figure. In the primary landmarked analyses of 30-day survivors, there was a significant graded association between hospital-level 30-day RSMR and the risk of long-term mortality. The 5-year mortality rates were 73.7% in low 30-day RSMR hospitals compared with 76.8% in high 30-day RSMR hospitals (Table 4 ). In the landmark analysis, patients admitted to hospitals in the low 30-day RSMR group had higher median survival (832 days; 95% CI, 815-852) compared with those admitted to hospitals in the high 30-day RSMR group (759 days; 95% CI, 742-779) ( Figure) . In multivariable-adjusted analysis, higher 30-day RSMR was significantly associated with higher long-term mortality among patients hospitalized with HF. Compared with the low 30-day RSMR group, patients admitted to hospitals in the high 30-day RSMR group had 14% higher relative hazards of 3-year and 5-year mortality (Table 4) . Similar findings were observed in analyses that included all patients and counted deaths within 30 days (Table 4) . A significant interaction was observed between HF subtype and 30-day RSMR-based hospital group for the outcomes of 3-year and 5-year mortality in the overall population. Thus, the association between 30-day RSMR-based hospital group (high vs low) and risk of long-term mortality was stronger among patients with HFrEF than those with HFpEF (eTable 1 in the Supplement).
Sensitivity Analysis
To evaluate whether the observed study findings were influenced by the period of the study, sensitivity analyses were conducted by dividing the cohort into 2 study periods (2005-2009 and 2010-2013) and in separate analyses further adjusting for calendar year. The results were similar in each study period and to those overall (eTables 2 and 3 in the Supplement) as well as after adjusting for calendar year (eTable 4 in the Supplement). Furthermore, in sensitivity analysis limited to hospitals with continuous participation in the GWTG-HF program throughout the study period, the higher risk of longterm mortality in the high 30-day RSMR group vs the low 30-day RSMR group was consistent with that observed in the primary analysis (eTable 5 in the Supplement).
Discussion
We observed several important findings in this study. First, we observed significant differences in 1-year, 3-year, and 5-year survival among patients hospitalized at centers with high vs low 30-day RSMR. Compared with patients with HF admitted to hospitals with high 30-day RSMR, those treated at hospitals with low 30-day RSMR had a 14% higher relative 5-year survival after adjustment for patient case-mix and other potential confounders and after excluding deaths within 30 days. Second, there were significant differences in adherence to certain process of care measures, with higher use of implantable cardioverter defibrillators and cardiac resynchronization therapies, greater postdischarge follow-up, and greater use of advanced HF therapies at hospitals with low vs high 30-day RSMR, highlighting the potential role of quality of care in contributing to differences in long-term survival across these hospitals. Third, the association between 30-day RSMR and risk of long-term mortality was stronger for patients with HFrEF vs HFpEF. Taken together, our study is the first, to our knowledge, to demonstrate a long-term survival advantage associated with care at centers with lower 30-day RSMR for patients hospitalized with HF.
We observed a significant graded association between hospital-level 30-day RSMR and long-term mortality among patients hospitalized with HF. This association was independent of hospital-level and patient-level confounders and highlights the potential value of 30-day RSMR in evaluating hospital performance, as better performance on this metric is strongly associated with long-term survival and life expectancy. A 2016 study by Bucholz et al 5 demonstrated a survival advantage for patients with AMI hospitalized at highperforming centers based on 30-day RSMR for AMI. However, this survival advantage in the AMI study was largely driven by differences in mortality rates within the first 30 days and not noted among 30-day survivors. This suggests that the early benefits from hospital performance in AMI care persist but beyond 30 days no longer continue to accrue. In contrast, in patients hospitalized with HF in the present study, the differences in care quality that may account for differences in 30-day mortality appear to lead to survival gains that are further enhanced over time. A key strength of our analysis was the availability of patient-level data from the index hospitalization in the GWTG-HF registry that allowed for better adjustment of disease severity, patient case-mix, socioeconomic status, and race/ethnicity in the calculation of the 30-day RSMR, which had not been previously performed in studies using claims-based data only.
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Several factors may underlie the observed usefulness of 30-day RSMR-based hospital performance in predicting (56) 35 (61) 37 (57) Heart transplantation center 9 (13) 4 (6) 3 (5) 1 (2) Abbreviations: IQR, interquartile range; PCI, percutaneous coronary intervention.
a Quartiles ranged from low (Q1) to high (Q4) 30-day RSMR.
b Percentages reported out of nonmissing data. long-term outcomes. There was significantly higher adherence to some key HF process of care measures in low vs high 30-day RSMR-based hospital groups. For example, a greater proportion of patients with HF admitted to hospitals in the low 30-day RSMR group received implantable cardioverter defibrillator placement and cardiac resynchronization therapy prescription and had postdischarge follow-up appointments. Furthermore, there was up to a 4-fold difference in availability of advanced HF therapy options at hospitals in the low vs high 30-day RSMR-based groups. Taken together, these findings suggest that greater use of evidence-based, life-prolonging therapies and greater postdischarge follow-up care may contribute, at least in part, to better long-term survival at hospitals with low 30-day RSMRs. This notion is also supported by the stronger association between hospital-level 30-day RSMR and long-term outcomes in patients with HFrEF who can benefit from life-prolonging therapies vs those with HFpEF and limited mortality-improving treatment options. The long-term prognostic value of hospital performance based on 30-day RSMR has important health policy implications, particularly when viewed in context of the limited utility of 30-day RSRR, the primary quality metric used by CMS to financially incentivize hospitals. [11] [12] [13] [14] [15] In recent studies, 13, 16 hospital performance based on 30-day RSRR was not associated with in-hospital care quality and long-term clinical outcomes in patients with HF or AMI. Furthermore, there was a c Ischemic etiology determined by history of coronary artery disease, acute myocardial infarction, prior percutaneous coronary intervention, and prior coronary artery bypass graft.
d Pacemaker includes biventricular and resynchronization CRT.
e Body mass index calculated as weight in kilograms divided by height in meters squared.
trend toward higher mortality for patients with HF in centers with low vs high 30-day RSRR. 13 Despite these limitations, the current financial incentive program used by CMS is heavily skewed in favor of 30-day RSRR-based hospital performance, with up to 15-fold greater penalties for excess readmission rates (3%) than excess mortality rates (0.2%) in financial year 2016.
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As a result, there is an increasing drive to invest hospital resources in programs focused on reducing readmissions. While such programs may have led to a decline in readmission rates, there has been a significant and steady increase in riskadjusted mortality rates in HF over the same period. 10, 12 This raises the concern that excessive focus on 30-day RSRR as an actionable quality metric may have inadvertently encouraged inappropriate care practices. 11, 18, 19 Findings from our study suggest that hospital-level 30-day RSMR may be a useful metric for hospital performance and should potentially be weighted more in CMS financial incentive programs.
Limitations
Several limitations to our analysis are noteworthy. First, the findings from our study may not be generalizable to all hospitals across the United States because this study focused on hospitals participating voluntarily in the GWTG-HF quality improvement program. However, the GWTG-HF registry captures participating sites from across the United States with significant representation of small and large, academic and nonacademic, and rural and urban hospitals. Furthermore, previous studies have demonstrated that Medicare beneficiaries enrolled in the GWTG-HF registry are nationally representative.
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Second, patient-level data in GWTG-HF were collected by medical record review and could be prone to inaccuracies. Third, because of the observational nature of our study, there is a potential for residual measured and unmeasured confounding. As such, we cannot establish causation between hospital performance-based 30-day RSMR and long-term survival. 
Ventricular Fibrillation
I traced your line: howling peaks and troughs, the final angry protests of a failing heart. In that line I felt your rage, the frantic racea storm corkscrewing from the clouds until all that's left is static, a breath disappearing into the cold night air. I must have known you in another life:
your penchant for lottery tickets, the wide-framed glasses you wore, the way you would sneak an extra sweet after dinner. How strange it is to mourn memories I do not have. But I believe I remember you. Here your life comes down to a line and I find myself turning to the sky, into that celestial void, wondering where, far or near, it all began.
